ABSTRACT-In 1998 and 1999, severe episodes of mortality, often reaching 90%, were recorded among cultured populations of ayu Plecoglossus altivelis reared in Japan. The diseased fish showed appetite reduction and abnormal swimming behavior. Histopathological examination revealed proliferative branchitis with enlarged and atypical epithelial cells. Abundant electron-dense, virus-like particles were observed within the cells under transmission electron microscopy. The particles had a cocoon-like shape and ranged in length from 200 to 300 nm, indicating a member of the poxvirus group. These findings suggest the possibility that the mortality events are related to infection of a poxvirus-like virus.
the mortality rate also tended to increase after feeding. All of the affected fish were originally produced by public hatcheries that belonged to prefectural governments.
In total, 24 affected fish (seven from Miyagi Prefecture and 17 from Tochigi Prefecture) were collected from the rearing tanks and euthanized using an over-dose of FA 100 (Dainihon-Sumitomo Co. Ltd.). The sampled individuals ranged from 20 to 50 g in body weight. All of these fish were fixed in 10% phosphate-buffered formalin solution, decalcified in ethylenediaminetetraacetic acid (EDTA) with 5% formalin, and processed routinely for histology. Sections were stained with hematoxylin and eosin (H & E). For electron microscopy, the gills of 20 fish were fixed in McDowell's and Trump's 4F:1G fixative (pH 7.2 -7.4), postfixed in 1% osmium tetroxide (OsO 4 ) in 0.1 M phosphate buffer (pH 7.2 -7.4) dehydrated through a graded ethanol series, transferred to 100% acetone, and finally embedded in Spurr's resin 1) . Thin sections (80 nm) were cut on a Reichert
Ultracut-E ultramicrotome, stained with methanolic uranyl acetate and Reynolds' lead citrate, and viewed under a Hitachi H-7100 transmission electron microscope (TEM). Histopathological examination revealed proliferative branchitis. This comprised enlarged and atypical epithelial cells, which frequently contained large vacuoles and/or basophilic inclusions in the cytoplasm as well as swollen nuclei (Fig. 1A) . The development of the atypical epithelial cells was thought to have started at the tip of gill lamellae (Fig. 1B) , resulting in their fusions. This appeared to have produced small pockets between the lamellae containing cellular debris and round basophilic bodies, similar to the inclusions within the deformed epithelial cells (Fig. 1B) . In the advanced lesions, the gill filaments showed characteristic clubbing with a few aneurysms (Fig. 1C) . The most severe lesions appeared to have fused among adjacent filaments and were associated with moderate hemorrhaging (Fig.  1D) . A slight inflammatory response involving lymphocytes was detected within the gill lesions. No significant lesions were found in any other organs including the liver, spleen, kidney, muscle, brain, stomach, intestine and heart. TEM examination of the affected gills revealed that the round inclusions within the cytoplasms of the atypical epithelial cells contained abundant aggregations of electron-dense virus-like particles ( Fig. 2A) . These aggregations were consistent with the basophilic inclusions observed with light microscopy. The virus-like particles had a cocoon-like or smiling-mouth shape, with adjacent small rounded structures that were comparable to the "lateral bodies" of poxviruses 2) (Fig. 2B) . The morphological features of the virus-like particles resembled those of members of the family Poxviridae 2)
, and were similar to those of a poxvirus-like virus previously In 1998 and 1999, severe episodes of mortality were recorded among cultured populations of ayu Plecoglossus altivelis in Miyagi Prefecture and Tochigi Prefecture, Japan. Diseased fish showed appetite reduction, a spinning motion and/or poor swimming ability, and a tendency to congregate near the surface of the water. Based on these clinical signs, local aquaculturists referred to the condition as "BOKE", which is a Japanese word generally used to indicate disorientation and senility of humans.
The gills of the diseased fish were pale and swollen, and bore petechiae. Wet-mount examination of the gills revealed the presence of tiny aneurysms within the filaments. The four episodes of mortality occurred from May to August. The mortality rates often reached around 90%, and in one case, reached around 50% within 24 h of the disease outbreak. Characteristically, reported in cultured koi carp Cyprinus carpio in Japan 3,4) . The major axis of the virions, calculated from the measurements of 50 particles, ranged from 200 to 300 nm. The particles were also scattered throughout the cytoplasm and associated with enlarged necrotic nuclei within the atypical epithelial cells.
These observations suggest that the outbreaks were caused by a poxvirus-like virus, although more detailed virological examinations, including transmission studies, and isolation of the causative agent are required to confirm the viral etiology.
The histopathological features of the present cases also suggest that the diseased fish had suffered considerable hypoxia due to a significant decrease of the available respiratory surface resulting from fusion of the lammelae, clubbing of the gill filaments, and fusion of adjacent gill filaments. The hypoxia could have played an important role in mass mortality when feeding caused a marked increase in oxygen demand in the diseased fish, because ayu are prone to hypoxic stress 5) . The gill epithelial cells are considered to be a major portal site for the excretion of nitrogenous waste products, such as ammonia and urea, into the surrounding water 6) , they also help to maintain the acid-base balance in combination with osmoregulation 7) . Damage to the gill epithelial cells, as observed in the present samples, could thus cause an accumulation of nitrogen metabolites in the fish body, an acid-base imbalance and a deficiency of osmoregulation. These factors would associate with, and enhance, the pathogenesis of this disease. Although proliferative branchitis and hypoxic condition due to remarkable decrease of the available respiratory surface were reported in bacterial gill disease (BGD) in ayu caused by Flavobacterium branchiophila 8, 9) , BGD was not associated with the enlarged, atypical gill epithelial cells. A characteristic enlargement of the gill epithelial cells was also reported in an iridovirus infection of the white sturgeon Acipenser transmontanus 10) and in case of epitheliocystis 11) ; however, basophilic and rounded inclusions were not observed in the former, and the latter cases were not associated with poxvirus-like particles. Although such particles were observed in juvenile koi carp that showed swelling of the body due to edema, the gill epithelial cells did not exhibit atypical enlargement and/or basophilic inclusions 3) . We therefore conclude that the most prominent histopathological characteristic of the present condition is the formation of enlarged and atypical gill epithelial cells associated with basophilic and round inclusions, which is considered to be a pathognomonic feature.
